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CPR quality reduced due 
to physical fatigue after 
a water rescue in 
a swimming pool
ABSTRACT
Objective. This study aimed to analyse the influence of physical fatigue, resulting from a simulated aquatic rescue, at a 
swimming pool, on the quality of cardiopulmonary resuscitation (CPR) delivered by the rescuer. 
Design, setting and participants. An intragroup design with 27 lifeguards was used in this study. The quality of CPR delivery 
was evaluated for two minutes for all subjects while they were at rest (test 1), as well as after a simulated aquatic rescue at 
a swimming pool (test 2). A Resusci Anne® SkillReporter™ (Laerdal Medical Limited, Norway) manikin was used to retri-
eve reports on CPR delivery, compliant with the most recent international guidelines (30:2, chest compression: ventilation 
ratio). 
Results. Rescue-related physical fatigue had a significant influence on the total number of chest compressions as well as on 
the ratio of correct chest compressions. Physical fatigue triggered by a swimming pool water rescue negatively influenced 
CPR delivery quality. These results show that the detrimental effects of physical fatigue on CPR delivery remain important, 
even in a swimming pool environment. 
Conclusions. Training programs should reflect this finding, and focus on enabling lifeguards to deliver proper CPR, even 
while exhausted and for long periods of time.
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Introduction
Unintentional drowning is a leading 
cause of death worldwide. It is ranked 
eighth as the cause of death for indi-
viduals under 20 years of age world-
wide, (1) and it is the second cause of 
accidental death among young people 
in Europe. (2) In Spain, a country with 
around 2,700 beaches and 400,000 
swimming pools, in 2010 there were 
2,067 accidental deaths reported as 
being caused by drowning, submersion 
and suffocation. (3) Swimming and rec-
reating while in the water was reported 
as the most common activity under-
taken immediately prior to drowning 
by men aged 18-34 years in Australia. 
(4) Additionally, international reports 
have shown that swimming pools are 
the main aquatic environment where 
children and adolescents aged 0 – 19 
drown. (5)
Given that the use of aquatic environ-
ments for leisure and health-related 
activities is becoming increasingly 
popular, (6) the presence of lifeguards 
in swimming areas, as recommended 
by the WHO, is of utmost importance in 
order to prevent and reduce the number 
of deaths by drowning. (7)
The rescue of a drowned person is one 
of the most delicate interventions a life-
guard may need to perform, since the 
respiratory failure caused by the drown-
ing event will most certainly trigger a 
cardiac arrest. Deaths by drowning in 
pools with lifeguards are not common, 
but do occur. (8) In the event of a car-
diac arrest, both the European Resus-
citation Council and the American Heart 
Association recommend cardiopulmo-
nary resuscitation (CPR) to be per-
formed as early as possible, (4,8,9) but 
also emphasize that the quality of the 
reanimation must not be disregarded. 
Furthermore, the European Resuscita-
tion Council Guidelines for Resuscita-
tion (ERCGR) 2010 recommend that 
the rescuer should be relieved after 
two minutes of reanimation due to the 
onset of fatigue in that rescuer. (10) 
The decrease in CPR quality due to 
physical fatigue has been studied for 
many years, but most scientific stud-
ies that address the subject focus on 
“at-the-hospital” (11) or “pre-hospital” 
CPR (12) performed by medical per-
sonnel, in scenarios where the rescuers 
start the reanimation without having 
previously become fatigued. Neverthe-
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less, for other emergency teams, such 
as fire fighters or lifeguards, it is likely 
that the rescuer will already be worn-
out when starting the CPR procedure. 
Studies such as those by Claesson 
et al. (13) and Barcala-Furelos et al. 
(14) evidenced the negative effects of 
fatigue on the quality of CPR delivery 
after beach water rescues. However, 
to the best of our knowledge, no simi-
lar study addressing this issue after a 
swimming pool rescue has been con-
ducted. Given that anecdotal evidence 
points to the fact that swimming pool 
rescues involve less physical effort than 
those performed at a beach, it is impor-
tant to evaluate whether the findings 
from previous studies hold true in a 
swimming pool environment.
Therefore, the aim of this study was to 
analyse the influence of physical fati-
gue, after a rescue in a swimming pool, 
on the effectiveness of the cardiopulmo-
nary resuscitation delivered, according 
to the 2010 European Resuscitation 
Council Guidelines for Resuscitation.
Methods
Study design
A quasi-experimental design was used 
to evaluate the performance of CPR 
provided by lifeguards while at rest 
and exhausted after a rescue. Initially, 
several anthropometric and demograp-
hic variables were gathered for each 
subject: gender, height, age, weight 
and body mass index (BMI).
The first phase of this project consisted 
of an analysis of CPR performance by a 
group of lifeguards after a rescue at a 
surf beach, compared to the CPR per-
formance of the same subjects while 
at rest. The results and further detailed 
information of this phase of the project 
have been reported elsewhere. (14) 
The tests conducted in this study aimed 
to evaluate the effect of physical fatigue 
on CPR performance after a water rescue 
in a swimming pool. Participants had to 
perform two tests. The first test conduc-
ted (test 1) consisted of providing CPR 
(at rest) according to ERCGR 2010 – i.e., 
with a compression: ventilation ratio of 
30:2, for two minutes. All participants 
performed test 1 in the laboratories of 
the Faculty of Education and Sport Sci-
ences, University of Vigo, Spain. The 
same group of participants performed 
a second test (test 2), consisting of: a 
25 m run from one side of the pool to 
the other, followed by a 25 m swim, and 
towing the victim 25 m to the other end of 
the pool (figure 1). Breaststroke kick was 
used both for swimming and towing. The 
total rescue time was recorded.  Imme-
diately after towing the victim to the end 
of the pool, the rescuer provided out-
of-water CPR for 2 min (exhausted) to 
a manikin equipped with a performance 
recorder. Participants were allowed to 
rest 1 day between tests 1 and 2. The 
latter was conducted at the municipal 
pool of Campolongo, a 25 m indoor 
pool, in the city of Pontevedra, Spain. 
A 24 year old swimmer, 176 cm tall and 
weighing 75 kg, played the role of an 
unconscious victim on the surface of 
Figure 1.  Tests Schematic.
 A Overview of test 2 (cardiopulmonary resuscitation (CPR) after 
rescue): 1 – 25 m run; 2 - 25 m swim; 3 –towing the victim 25 m to the 
other end of the pool; 4 – conducting CPR for 2 min after rescue. 
 B Images of places where CPR was conducted in test 1 and 2, left 
and right, respectively.
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the water. The rescuers towed the victim 
by the neck using a breaststroke kick 
without any auxiliary rescue equipment. 
The lifeguards were explicitly advised to 
perform the test as if it was a real water 
rescue and didn’t perform in-water ven-
tilations, believed to affect the physical 
intensity of the rescue. A summary of the 
study design is presented in figure 2.
Participants
The 27 participants in the study were 
Galician lifeguards. The sampling was 
non probabilistic. The initial sample size 
was 30 lifeguards; however, 3 subjects 
were removed from the study because 
they were not able to complete the enti-
re protocol. All subjects had been trai-
ned at the University of Vigo according 
to ERCGR 2010 recommendations. 
Each participant signed an informed 
consent form, after receiving verbal 
explanations of the objectives and 
methodology of the trials. Before the 
beginning of the study, ethics approval 
was obtained from the Illustrious Official 
School of Graduates in Physical Educa-
tion and Sport Sciences of Galicia Ethi-
cs Committee according to the ethical 
principles of the Helsinki Convention 
(approval number C-145/13).
Research Instruments
A Resusci Anne® SkillReporter™ (Laer-
dal Medical Limited, Norway) manikin 
was used to retrieve reports on CPR 
delivery compliance. This model gives 
immediate feedback both on the quality 
of chest compressions and ventilati-
ons but the rescuers couldn’t see the 
feedback provided by the mannequin 
while performing the tests. To study 
the quality of chest compressions, the 
manikin was calibrated to measure 
several parameters such as the depth, 
frequency, position of the hands and 
chest reexpansion. Regarding the ven-
tilations, the equipment measured the 
respiratory tidal volume and the flow 
rate per minute. At no time could the 
rescuers see the feedback given by the 
manikin. Based on ERCGR 2010 reco-
mmendations, the rescuers performed 
CPR at a compression: ventilation ratio 
of 30:2. Correct compressions were 
recorded on the manikin as: 5-6 cm in 
depth, good hand-position and chest 
re-expansion, and correct ventilations 
as 500-600 ml in volume. Variables con-
sidered for the evaluation of the impact 
of physical fatigue on CPR performance 
are depicted in figure 1.
Data collection and Statistical Analysis
Information on gender, height, weight, 
and BMI was collected, total rescue 
time was registered and the number of 
total and correct chest compressions 
and rescue breaths (at rest and exha-
usted), were recorded by the manikin 
recording system and manually uploa-
ded to the statistical software used for 
data analysis.
Statistical analysis was performed 
using SPSS for Windows, version 20 
(SPSS Inc., IBM, USA). Continuous 
variables are reported using measures 
of central tendency (mean) and dis-
persion (standard error) (Mean±SE). 
The sample was tested for normality 
using the Shapiro-Wilks normality test. 
A paired t-test (student distribution) 
was used to compare total and correct 
chest compressions and ventilations, 
within each minute of the study, while at 
rest and exhausted, separately. Repe-
ated measures ANOVA was used in 
order to compare the effect of the test 
(at rest vs. exhausted), the minute of 
CPR (minute 1 vs. minute 2) and the 
interaction between these two factors 




Of the 30 lifeguards selected to par-
ticipate in the study, a sample of 27 
completed the protocol successfully. 
Of those, 23 were males and 4 females, 
with an average age of 21 (SE=0.3). 
Table 1 shows the anthropometric data 
of the study sample. The age range of 
the participants varied between 19 and 
24 and all participants had enrolled in 
a CPR training programs in the last 3 
months prior to the study. Due to the 
low sample size and small number of 
females participating in this preliminary 
study, analysis of the effect of gender 
and other demographics on CPR per-
formance was not conducted.
Rescue time before CPR
In test 2, rescuers had to run 25 m, 
swim 25 m to approach the victim, tow 
the victim for 25 m to the side of the 
pool, and then perform CPR on a mani-
kin. The time taken to perform the res-
cue, before starting CPR manoeuvres, 
averaged 77.6 s ± 1.2.
CPR Performance
Table 1 shows the average and stan-
dard error of data from the CPR perfor-
med for 2 minutes in the laboratory and 
after the water rescue. Table 2 shows 
detailed data regarding chest compre-
ssions and rescue breaths per minute of 
CPR delivery for test 1 and 2 (at rest and 
Figure 2.  Study Design.
 CCC, Correct chest compression; CRB, Correct rescue breath; 
PCCC, Percentage of correct chest compressions; PCRB, Percenta-
ge of correct rescue breaths; TCC, Total chest compressions; TRB, 
Total rescue breaths.
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exhausted, respectively). A high per-
centage of correct compressions after 2 
min were achieved while the lifeguards 
were at rest, 86.3 % ±3.8, but the same 
did not happen for the ventilations per-
formed while participants were exhau-
sted, where merely 45.4 %±5.6 of them 
were performed correctly. It is possible 
to conclude that after performing CPR 
on the manikin for 2 min, the physical 
fatigue resulting from the rescue had a 
significant influence both on the Total 
number of Chest Compressions (TCC) 
137±2.0 at rest compared to 151±2.1 
while exhausted (p<0.001), and on the 
correlated Percentage of Correct Chest 
Compressions (PCCC) 86.3 %±3.8 
at rest compared to 69.6±6.3 while 
exhausted (p<0.029) (table 2). When 
looking at the “time” factor (1 min vs. 
2 min), using the Repeated Measures 
ANOVA, differences were significant in 
TCC and total rescue breaths (TRB). 
In the interaction of both factors (test 
and time), significant differences were 
found in TCC, PCC, and TRB (table 2). 
When analysing each minute separately 
in both tests 1 and 2 (at rest vs. exhau-
sted), it is possible to identify further dif-
ferences in the onset of fatigue. During 
the first minute of CPR, fatigue had a 
significant influence, both increasing 
the number of TCC and reducing the 
PCCC. Conversely, during the second 
minute fatigue had no significant effect 
on the quality of chest compressions.
Discussion
Data from this study strongly suggest 
that physical fatigue resulting from a 
water rescue in a swimming pool nega-
tively influences the quality of cardiopul-
monary resuscitation.
Before performing test 2, the rescuers 
performed CPR for two minutes while at 
rest (test 1). This first test had two main 
objectives: first, the data at rest was 
necessary as a control measurement 
to assess the effects of fatigue on CPR 
quality; secondly, test 1 was used to 
assess the skills of the first set of 30 par-
ticipants in performing CPR correctly. 
During the two minutes of CPR at rest, 
rescuers delivered over 80% correct 
compressions (first minute: 88.8 %±3.2; 
second minute: 84.0 %±5.2) (table 2). 
It has been referenced that chest-com-
pression effectiveness equal or superi-
or to 70% is considered an indicator of 
good quality CPR. (15) Therefore, the 
27 lifeguards selected to participate in 
the study were considered proficient in 
delivering CPR chest-compressions. 
Regarding ventilations, not only did the 
rescuers provide slightly fewer than the 
recommended number, (10) but they 
also did it poorly with a ratio of effecti-
veness below 50% (table 1).
The paramount importance of ventilati-
ons for treating a drowning victim has 
been advocated by experts worldwide. 
(11,16-18) In fact, a study by Szpilman 
and Soares (17) concluded that perfor-
ming in-water ventilations increases the 
chances of survival of the victim; and 
later, in a pilot evaluation, Perkins (16) 
demonstrated the possibility of proper 
ventilation in the water, with flotation 
material, and previous training. Despite 
the scientific evidence supporting the 
importance of ventilations, some stu-
dies reported that lifeguards perform 
ventilations poorly, (10,19) pointing to 
a potential gap in the training programs 
that needs further investigation.
In the present study, the rescuers were 
told not to perform in-water ventilations 
to avoid the decrease of intensity in the 
rescue. To evaluate the effect of fatigue 
on the quality of CPR the participants 
performed a simulated water rescue 
similar to the one they have to perform 
to achieve the Aquatic Lifeguard Certi-
ficate to be qualified to work at aquatic 
facilities in Spain. The test encompa-
sses running for 25 m, swimming for 25 
m and towing the victim for another 25 
min in less than 90 s. Since all partici-
pants performed the rescue in less than 
Table 1. Descriptive statistics of data collection.
(n=27)
Variables Mean SE CI
agea 21.3 0.3 20.7 – 21.9
heightb 176.1 1.6 172.8 – 179.4
weightc 74.2 2.0 70.0 – 78.3
BMId 23.9 0.4 23.1 – 24.6
WRT 77.6 1.2 75.2 – 80.0
Test 1
(at-rest)
TCC 137 2.0 133 – 141
CCC 118 5.2 107 – 129
PCCC 86.3 3.8 78.5 – 94.0
TRB 7.4 0.2 7.0 – 8.0
CRB 3.4 0.5 2.5 – 4.3
PCRB 45.6 5.6 34.1 – 57.1
Test 2
(exhausted)
TCC 151.0 2.1 146 – 155
CCC 104.0 9.5 84 – 123
PCCC 69.6 6.3 56.6 – 82.7
TRB 6.9 0.7 5.6 – 8.3
CRB 4.1 0.6 2.8 – 5.4
PCRB 48.9 7.0 34.2 – 62.9
a: Age in years; b: Height in cm; c: Weight in kg; d: Body mass index, kg·m-2; 
CCC, Correct chest compression; CI, Confidence Interval; CRB, Correct rescue breaths; 
PCCC, Percentage of correct chest compressions; PCRB, Percentage of correct rescue 
breaths; SE, Standard Error; TCC, Total chest compressions; TRB, Total rescue breaths; 
WRT, Water rescue time.
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90 s, with an average time of 77.6±1.2 
s, we can consider them as suitable for 
the tests performed in the study.
According to the ERCGR 2010, (12) 
CPR alone generates fatigue in the 
rescuer, and therefore, rest is recom-
mended every two minutes. The impor-
tance of fatigue generated by CPR has 
driven several research projects for 
the last years, with results supporting 
the ERCGR 2010 recommendations. 
(14,20-23) Few have, however, claimed 
that lifeguards are capable of mainta-
ining the quality of CPR for extended 
periods of time. (22,24) Neverthele-
ss, since Emergency Medical Services 
take about 5-8 min to get to the place 
of incident, (12,25,26) in a best case 
scenario, and taking as long as 20 min, 
or more, depending on the country and 
or region where it is needed, it is possi-
ble that the lifeguard might be forced to 
perform CPR for a prolonged period of 
time. Thus, CPR training should focus 
on the fact that rescuers ought to be 
able to maintain the quality of CPR for 
periods longer than two minutes. 
Our results suggest that lifeguards are 
able to maintain high quality compressi-
ons for two minutes, except when they 
perform CPR after a rescue. The total 
number of compressions increases 
after performing a rescue compared to 
the number delivered at rest, which is in 
accordance with other authors. (13,14) 
Despite the increase in the total number 
of chest compressions provided after a 
rescue, the number of correct compre-
ssions decreases compared to at rest 
CPR, from 118±5.2 to 104±9.5, res-
pectively, even though that decrease 
is not statistically significant (p=0.230). 
Due to the parallel increase of total 
compressions and decrease in correct 
compressions, the effectiveness of CPR 
performed after the water rescue was 
significantly inferior, 86.3 %±3.8 at rest 
compared to 69.6 %±6.3 while exha-
usted (p=0.030). Simultaneously, the 
percentage of correct compressions 
decreases significantly with the inte-
raction of test and minute (p=0.034). 
Even though the same decrease was 
recorded for the second minute of CPR 
delivery, in the latter, the difference is 
not statistically significant (p=0.239). 
There is a severe decline in the quality 
of CPR during the first minute, which is 
slightly recovered in the latter while the 
rescuer is exhausted. Even so, the best 
performance while exhausted is still 
10% worse than the worse performance 
at rest.
Nowadays, new technology is availa-
Table 2.  ANOVA Repeated Measures for variables associated with differences among at rest and exhausted lifeguards 
and time.
CPR at rest CPR exhausted ANOVA





































































































































CCC, Correct chest compression; CRB, Correct rescue breaths; PCCC, Percentage of correct chest compressions; PCRB, Percentage of 
correct rescue breaths; TCC, Total chest compressions; TRB, Total rescue breaths. 
A: Test factor (rested vs. exhausted); B: Minute factor (minute 1 vs. minute 2).
ble to provide high quality chest com-
pressions automatically, (27) such as 
piston chest compression, LUCAS, vest 
CPR, and Autopulse – load distributing 
band CPR. So far, few studies have 
been conducted in which the increased 
quality of compressions performed by 
those automatic compression devices 
was demonstrated (28,29) for CPR con-
ducted in a “wet” environment. Impro-
ving the quality of CPR is an important 
predictor of the outcome from cardiac 
arrest. So, the development of CPR 
mechanical devices that effectively 
work in “wet” environments can provi-
de a good alternative to manual CPR 
of drowning victims, which is highly 
impacted by physical fatigue.
As far as ventilations are concerned, 
there were no significant differences 
between the CPR performed at rest and 
CPR performed after a rescue. Never-
theless, in this study the lifeguards per-
forming CPR at rest did not reach high 
percentages of correct ventilations, as 
was the case in the study of Claesson et 
al. (13) which may explain the absence 
of a significant difference. Our study 
indicates that the quality of ventilations 
delivered by lifeguards was poor, as 
described by other researches. (19,30) 
Due to the importance of quality ventila-
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tions provided during CPR for a succe-
ssful outcome of the CPR performed on 
a drowning victim, further studies are 
urged to better elucidate the reasons 
affecting the ventilation quality in exha-
usted and at rest lifeguards comparing 
different techniques and equipment 
available to provide rescue breaths.
The present study has some limitations 
including the small share of women 
in the sample not allowing a gender-
based comparison. Additionally, the 
simulation of a water rescue is not 
exactly the same as a real life water 
rescue followed by manual CPR since 
the emotional factors such as the level 
of motivation and anxiety of a lifeguard 
may also affect performance and can 
never be exactly reproduced. Finally, a 
manikin may offer greater or lesser resi-
stance than a real casualty and com-
pressions given in cycles alternating 
with rescue breaths might be less accu-
rate than continuous compressions.
In brief, physical fatigue after a simu-
lated rescue in a swimming pool had 
a negative influence on the quality of 
CPR performance. The authors reco-
mmend that CPR training programs for 
future water safety professionals should 
be adjusted and conducted to enable 
them to learn how to perform CPR while 
physically exhausted and during pro-
longed periods of time.
Future lines of investigation should eva-
luate the CPR performed in a drowning 
victim by different emergency services 
professionals, with larger samples and 
comparing the CPR conducted both by 
men and women. Besides assessing 
the performance of chest compressi-
ons under different scenarios, special 
attention needs to be paid to ventilati-
on performance due to the noticeable 
importance of good ventilations during 
CPR, particularly in drowning victims, 
already pointed out as critical by seve-
ral other researchers. (11,16-19,30) 
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